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1.  ]n / rodue l io J~ 
,The ~lk~.~ .~a '-SLmd~ng-and zzmaspo~ capae.iiy o f  
¢y¢1ic pept]de& dvpsipeplides and rnacrotetrolides has 
.become z fundamen~tal tool for lhe im, esti~ation of 
lhe phyzic.ochemicz] ba~h .of membrane funvfioning 
[ 1 -3  ]. The cat~.oMc affinities an d se]ectiviaies of  the 
io~.ophp~es a~e ;generzflly ,coat, de:red as de~t.erJn~n.- ed by  
~*he ~archi~teclure~ (~ouform:~Aional) protx~rfies ~f Lhe 
ca~rim-s and the diffe~.emiat in,m-action energies .of the 
racial cations wilh lh,e ]~gan,ding oxygens available ,on 
• :the .carder and wi~h wate~ ] ]--9].  
A quan~m .~nevhan~ca]:invczfigalion ~t" ~h:e con~or- 
.mafi.onal p~ope:r~ies ,ofChe ,:ycli= aniibiot~cs i be-mS 
developed in o~.ar laborator]¢ mad resulls have been 
presented leCelrlly fo~" ennia'tin B I10]. We have ~nde.r- 
't~k.en a parallel sedes of  quantum mechanical stud~Jes 
on Ihe ibindi~a.g between ~he gafions and ~he ionopholes. 
in lh~ ~n'lrodne.I,o~ study, ~e  dive.as ~he ha~rins~e 
xelative affin~ti(:s and binding characteristics ,of Na ÷ 
and K* ~'or 'the zarbony] oxygens of ~he pepfide and 
este~ groups, and for waier. 
2..The melhod 
We have hele'adopt~d the "sapelmol~cule'" approach, 
computing the 'b~nding energy as the difference be- 
tween t~e energy of  ahe vomplex considered as a .,single 
~nit and ,the ~um ,of the em:Z~Se~ of  it~ isolated c.ompo- 
nents ewalualed in/.he same approximation..  
.In order to avoid, the uncexiainfies irth:eten'! to semi- 
empirical methods, we ha,a~ utilized aa ab ~nitlo Self- 
~.e system, ~ mo]ecu]ar oyb~ls being developed as 
~]ine~i ,combLna:tions of  a basis se~ of  atomic ,olb~ta~ 
f'] 1 ]. conv.er~enfly ex./p~essed ~ ~e.rms o f  gaussian 
fla~:cfio~s. ~'e cho~ oE ~the alomic ba._~s fax~s the 
~Is  for ~he accuracy of ~:1~e lesu~Is bu~ also ~oI file 
feasibility o f  compntation~ on ;large systems, ha o~.dei 
to be able Io ~rea~t modd systems large ,en,on,..gJa t,O be 
p]olatory slxady, to /he  use o f  a relatively small basis 
,Of :ga l l ss ian  o l 'b i ta l s ,  ~ .he  mole  so  as  w,e  wer .~ ~teyes$ed 
rafhe~ ~ri 'the genea'a] and re~,ti~e ¢hm~c.tefisfics of 
~e ~n~te~ctions than in ~ae abso]u*e number~. For 
"~ds purpose, ma STO 3'G basis ~12, 13] appropr~a,e]y 
~cho~en [14] p~r,oved ~,on,venien,L T&e comput~,ti,ozas 
i~ 'n  have been performed wifla file plogram Li.au~sxan 70 
i15]. The ST0  3G basis for Na + was reopfimized 
stazIZmg f rom *She mo]eculax standard exponen*s of  
reference {13] and ~the ~or~esponding basis Sol K + 
was opfimize~2 ~ar~in~ fr.om ../.he a,.t.omi~ TO 3G ,ba~ 
I 1,6]. Al*hough ~~ is kn:own fl-~a~ minimal basis sels ~f 
the Iype utilized yield too large v~lue.s of ~e ",mterac- 
tion energies and :t~o shot* distances o f  appi..oach 
inie~nolecular comp]exes .oftl~e kind studied I17, lg] 
flue ~elative ,or~lering o f  ~e  v~dues ~nd file gen.e~d ~.e- 
1afire featules of ~,.~e binding appear ¢mx.ecfiy repro- 
dueed (w/de in.fra). 
N-methylaee~amide and metahylace..~ate were ehose~ 
.as mode] ,compound~ for ~the peptide and ester grout~z. 
They were set in  ,their ~nost stable .conforma~ions fomad 
ira a prev.ious~ah ~nf/fo :s,mdy~f flaeir .~o~fion,at barbers 
[ 19], namely a trans conformation of  the extreme 
methyl groups, the C~'~ 3 sub.sfiment on-carbon eclips- 
the CO bond,-lhe CH 3 subst!men~ on fl:e hereo- 
consistent m0lecula~" orbital procedure, Where all 1he atom ~taggeled w.ith..:respect to CO,. " " " 
,electrons are considered in ~,he field of all ~e  :nuclei o f  :In this configuraIioa, la linear appr, oaeh ,:of ~the ,:cation 
. . . . . . .  . .  . -  _ . - ,  . - :  ...:- . - :  < . : . - ,  . . .  :-. - , 
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(Na + or  K +) was  l~r:gormed at,ong ~he ,:C..~ 2 ~Jxeeft:o~ ira " 
the ~c l :e  ol ester #an:e; then in the most sIable p,os> 
don a ~:otation ,of the ion around ~e cazb:onyl oxygen 
w~ all,owed in the snide :0r ester Nane (r.maflon ,0)o 
Furthema.oxe, .,..~.:e r~:ta~on of the cation was studied 
the plmae .c.ontaining~ae CO bond mad perpendicu-  
lar to the previous one, maintaining Taxed ~2~e dis- 
tan,co of the ion ~,o No canon ,end of the :earbDnyl 
group ,:(rotation ¢). A similar oat-of-plane ~otmion 
main ,a in ing  faxe.d fla~e ,distance to the .oxygen was a l so  
sm,died (x,o:ta~on dp~). 
The in~:eraetion o f  bo..+3a cat ions w i th  one moaeeule 
of water was computed in N e ~me fashion %r ¢0m- 
pafison. 
3. Resnlts  
• Fig. la mad lb  give the v~riafi.on of the interaction 
energy with distance fo~ Na + aud K +, iezpectively. 
approzehSng the rn,Ddel compounds  and water .  Fig. 2 
gives the eoHespond ing  m-p lane angnlar var ia~on for  
~the two rnodN eompound~ sad fig. 3 shows the hu- 
f luenee of the out-of -p lane an.guaar d isp lacement  G 
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Fig. 4 ~es an ,exam!ale o f  ~he ro ta t ion  @'. Tab le  t 
~-annnarize~ the binding ~namcIe~sli¢~. 
Ex ,arnination of this set of reseats permits to 
formn]a,!e the following obse~afions: 
i) At ~e  minLmal dislance of ~pproa~h of the ca- 
tions ~_!~,v i~!rL-~ic afl~ni~ies of bo  2~a ea~bonyl ,gr.oup~ 
a~e apprec iab ly  smalte~ fo~ K + than  ~b~ Na +, as shown 
by th~ ~etative depths 01 rthe mh~hn~ an,~] :the :~lative 
stopes of the potential curves. At the san~ae time th,e 
corresponding equ~brium di~tane,  m ,the complex is 
larger for K +. than ,for Na +. Both the binding energies 
. . . .  j 
ano equ i l ib rmm d~tane.es fo l low the order  of the 
correapondLng quant i t ies for  the hydra!ion of  Na + 
and K +. As already ~tat,ed the numefica~ values o f  the 
binding energies are mo aarge and the equi~b~um 
dista_nees too  shor t  as ~own by  Ne  c,o~par~on of  
computed  arid experL-~ental ~galue~ fo~ hydrat ion  ~ ' .en  
in table 1. The ,zelafive ordering of these quantities i , 
howe~er, corre,cfly ieproduced. NOleOVei, the rafim 
of  our  ~equ~ibrium values o f  zX~ and d wi th  the cor- 
respondS_rag quan~dfies ob~aS_ned ira a ,eery recen~ eo.~a- 
putet ion  o f  near  1-Iartree-Fock aceu:raey 121] are 
seen to be the same for the two ions  r,~dicafing a p~e- 
sumably correct ordering of the oNer resuRs. 
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~F~g, 1. Binding enelgies f~I ,(a) Na  + a l ld  ~{b) K + intexacfifn with: ~[--) .Lhe p~pfide g~olap, {
/ -~o  -m 
Ih) 
of ~he cation to~a~d the ealbonyl oxygen along 'the C=O axis), { ....... ) watei {appr, oaeh 'towards th:o 0 atom along the bissectfix 
of tLhe HOH anglO. 
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]~ig. 2. Var iat ion o f  1he 'b~ndSng ~nezgy wi th  it~e angul~ dis- 
plac~menl :(0) of *.he ~cafion in ~the p]ane ,of 'th~ ~na'~de er esle~ 
~ox~las a~ *_,he , qu~,ib~i~aa'n distan~e .of ~g. !. 
{- - - - )  In}exaction ~3f '/.he arnide w i th  flae .cation as indicat@d~ 
( - - - - - )  lmezact ;on  ,~f Iiae esle~ with  the ¢a*.ion ~s indacated. 
ii) The xo~afion of  fi're cation oua of the plane ~f 
the amide o~ ester bond has a stronger ,effect on *he 
b ind ing  ,energy *hart  ~he in -p lane  ro tad ,on ,  the  Na  + 
interaction ~sh,owing a sharper de¢,~,ease ,zhan 'the K ÷ 
imeracti~n with incre~sing ¢, I I  iz ze,n~ howevel, ~flaa~ 
5 4" d' - tD  - //.,". / -213 - ./~ , 
-'~tO I -~/ /  
D 50 ~D 
.Fig. 3. Wmiafion ~" :L-he b~nding enexgy wi~h %h~ oa' t - .0 f -p lane 
di~placem~n~ 0 al a ~xed d istance ,,of lh~ cmbon~l) .  
( ) lnl.ezarcfion ~5 '~3ne ~de "wi~h 'the cat ion as indicated.  
( . - )  ]m.ezaction ~f the ~est~z wi th  l]a~ eat ion as 2adi~ated. 
for beth ions, apple.ciabl:e binding still occurs ,even 
for large ,o~l-of-plmae displacenaents ,(at ~ = 45 ° about 
one half :of ~e  binding enelgy is comelved). 
The other oul-of-plane m*ation a~ a constant d~- 
lance from the oxygen (~)  indTuce;s a smaller ]oss 5a 
bindku;g enm-gy ,  ~]f  oi" the  b~ding  energy Being con- 
served  in  the  perpend icu la r  pos i t ion .  The  maxdrnum 
b ind ing  3s~ however ,  de~ay in ~= #ane,  in ~onuadi=- 
T'.able 1 
Bind ing  =haraete~'Lst i~ a t  ,~qn'31ib:rixlrn ~o:r Na  + axld X + in~;~ax:~.io~ w Lla ~amid~. ~ste:t ~d  wa,~e~r. 
~a÷ X + 
- -AE d 0 ° --ekE d e ~' 
Amide  49.7 3.95  35  
EsIe2 ;38.8 1.99 35 
WaIcz  .(a.) 40 .7 (27)  1.99 (2.2) O 
.(b) 25,2 2.25 
{C,') g62 1,13 
35.1 
25.5 
27.9,(3~) 
17.5 
10.:62 
2.35 
2 .40 
2 .40(2.65)  
2 ;69 
1,12 
35 
35 
O 
(a~ Rresent computation. 
(b) Near-Hartre¢-Foek limit [21]. 
:(c) Rat io  ta) ]Oa) .  -- " 
&E: l f inding energy (kcal]m0lc).; . " " . . . .  • : " 
-di .minimal distance of  appxoaCh ,(A); . . . .  
00: angle o f  the 0xygen-eat ion  d~reetion with the CObond,  
E, xper imental  rVMUeS [20] ~ pm:enthes#s. - . " • • . . . . . . . . .  . . , .. - . 
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Fig. 4. Variation of the binding encqLV with the out-of-plane 
displacement O' at a fixed distance of the oxygen of the 
carbonyl (example shown corresponds to Na + and the esteO. 
tion with a recent result [25] concluding to the exis- 
tence of an out.of.plane minimum which is clearly 
one of the artefacts of the CNDO method [26]. 
The comparison of the relative binding properties 
of amide and ester carbonyl groups indicates that, 
for both cations: 
i) the intrinsic affinity of the amlde ciabonyl is 
appreciably arger than that of the ester carl'.onyi, and 
larger than the corresponding affinity of water (fiE. 1); 
ii) the intrinsic affinity of the ester carbonyl is 
close to the corresponding affinity of water but 
slightly smaller (fig- 1); 
i l l) the equilibrium distances of approach are prac- 
tically :the nine!Tot the ester and water, but shorter 
for the amtde, 
the lncre~e in complex stability upon the complete 
the Na +catior "~ valinomyein which, because of 
the small size o, theion with respect to the relatively 
large size of the cavity, the Na+-cation isnot Situated 
in the center of this cavity but shifts toward its peri- 
meter, thereb 2'giving rise to differing interactions with 
the various ester groups [28]. 
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